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Abstract: In order to clarify functional significance of the cerebral cortex in endogenous central
modulation of visceral nociception, the effects of electrical stimulation of the sensorimotor cortex
on nociceptive specific (NS) and wide dynamic range (WDR) neurons in the nucleus ventralis
posterolateralis (VPL) of the thalamus were tested in urethane-chloralose anesthetized cats.
Thirty six NS and 14 WDR units receiving high threshold greater splanchnic (SPL) afferent input
were recorded from the shell region of the caudal VPL. An arterial injection of an algogenic
substance, bradykinin, into the mesenteric artery excited 4 NS and 3 WDR units tested, suggest-
ing they are subserving visceral pain. The remaining 32 NS and ll WDR units were subjected
to the study of effects of cortical stimulation. They were antidromically excited by electrical
stimulation of the primary somatosensory cortex (SI) indicating that they were thalamocortical
projection neurons. Stimulation of the SI from which the antidromic response could be evoked,
excited 16 NS and 4 WDR units at an intensity lower than the threshold for antidromic excita-
tion. In the remaining, 16 NS and 7 WDR units, responses to visceral and spinothalamic inputs
were inhibited by SI stimulation at an intensity subthreshold for antidromic excitation. Both
excitation and inhibition could be elicited also from surrounding sensorimotor cortex. Mapping
of the inhibitory cortical field revealed that the lowest threshold inhibitory point for a given
neuron coincided with the point from which antidromic excitation could be elicited. Chemical
stimulation of the SI somatosensory cortex with glutamate also inhibited both NS and WDR
neurons. The results indicate that in the VPL, there is a corticothalamic modulation of thalamic
nociception originating from the SI somatosensory cortex, in addition to recurrent inhibition.
Key ¥M〕rds: sensorimotor cortex, thalamus, nociception, analgesia, nucleus ventralis posterolater-
alis.
introduction
how the central nervous system modulates nocice-
ptive information is the development of the theory
pertaining to the existence of an endogenous pain
One of the recent advances in the concept of modulation system. The discoveries of opiate
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receptors, of endogenous opioid peptides, of stim-
ulation produced analgesia and of stress induced
analgesia4'9i33)led to the development of this the-
ory. The most commonly proposed mechanism of
endogenous pain modulation is that the pen-
aqueductal gray (PAG) and nucleus raphe dorsalis
(NRD) of the midbrain have descending influences
on the spinal cord to modulate pain transmission
at the spinal cord level4'11'35'. More recently,
ascending pain modulation systems from the
PAG/NRD to the nucleus ventralis posterolater-
alis (VPL) 14'20'Z2)and intralaminar nucleil>22)of the
thalamus have been proposed. Thus it has been
clarified that thalamic relays of ascending pain
pathways are subjected to supraspinal
inhibition21'25'. This report tests cortical influ-
ences which may affect processing of visceral
nociceptive information at the level of the VPL.
Materlals and Methods
Experiments were carried out on adult cats.
Each animal was initially anesthetized with
ketamine hydrochloride (20mg/kg, i.m.), and
anesthesia was maintained with an intravenous
dose (3.5ml/kg) of urethane-chloralose solution
(urethane 125mg/ml and chloralose lOmg/ml) sup-
plemented as required. A thermistor probe was
placed in the esophagus and the body temperature
was maintained at 37±0.5。C by an electric heat-
ing pad under the abdomen, and by an infrared
lamp.
The left greater splanchnic nerve (SPL) was
exposed retroperitoneally through an incision in
the lumbosacral fascia at the lateral edge of the
erector spmae muscle mass. The exposed SPL
was dissected free from surrounding tissues at the
level just proximal to the coeliac ganglion. A
bipolar platinum hook stimulating electrode was
applied to the SPL, and sealed in place with a low
melting point paraffin wax.
After preliminary surgery, the prepared ani-
mal was placed in the prone position on a shock
proof table. The head was rigidly fixed in a ster-
eotaxic ins rument. Cramotomies were carried
ut over the r ght thalamus to allow access for
microelec rod exploration. The right senson-
motor cortex was also exposed in order to place
a platinum bal  stimulating electrode. The dorsal
surf ce of the pi al cord was exposed by a
laminectomy at he level of C4-C6. A bipolar
concen ric stimula ing electrode was inserted into
he right ventrolateral funiculus (VLF).
Recordings were made from single units in
the VPL using glass capillary microelectrodes
filled with a solution of 2% Pontamine sky blue
in 0.5M sodium acetate. During recordings, the
animals were paralyzed with pancuromum bro-
mide (0.8mg/kg/h). End-tidal CO, was monitored
and maintained at 3.5-4.5%.
The peripheral receptive field properties of
VPL neurons were assessed using a variety of
mechanical stimuli: gentle brushing of the skin
with a soft brush, pressure applied to a fold of
skin using a p ir of broad-tipped forceps, and
pinching with a pa r of serrated forceps. All units
were tested for SPL input.
All nociceptive units with SPL input were
tested for ffects of conditioning stimulation of
the ensonmotor cortex. Test stimuli were
applied eithe  via SPL or by electrical stimulation
of VLF.
The o at ons of units tested were marked by
extruding a small amount of Pontamine sky blue
from the microelectrode tip electrophoretically
(5wA negative DC current passed for lOmin).
At the conclusion of each experiment, the
stimulation site in the VLF was lesioned electro-
phoretically, by passing a current of 100 /lA DC
between the poles of the stimulating electrode for
1 mm. Animals were then deeply anesthetized,
and per fused through the beating heart with
1,000 ml of a solution of 0.5% potassium fer-
rocyanide in normal saline, followed by 2,000 ml
of 10% formalin. Serial frozen sections (50〟m
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thick) were cut and stained with Cresyl violet.
Locations of stimulation and recording sites were
checked.
Statistical tests were made using analysis of
Non-parametric Willcoxon signed rank test. All
numerical data are presented as mean±SEM.
Differences were considered significant if p < 0. 05.
Results
I. Types of units studied
Observations were made on 50 nociceptive
VPL units, 36 0f which were classified as nocice-
ptive specific (NS) units and 14 as wide dynamic
range (WDR) units. NS units were not activated
by innocuous cutaneous stimuli, but were activat-
ed by noxious stimuli applied to a restricted area
on the contralateral integument. The identifying
characteristic of WDR units was that they re-
sponded to a wide range of stimulus intensities. In
the center of the cutaneous receptive field, they
had a graded response to brushing, pressure and
noxious pinch, responding best to noxious pinch.
This area was surrounded by an area in which
they differentially responded to pressure and
noxious pinch. This area was further surrounded
by an area in which they responded only to noxi-
ous pinch40・　The cutaneous receptive field of
WDR units was confined to the contralateral
integument. Both NS and WDR units subjected to
the present study were excited not only by
cutaneous afferents but also by high threshold
visceral afferents m the same manner as has been
reported3'32'34'. Four NS and 3 WDR units were
subjected to the study of effects of arterial injec-
tion of an algogenic substance, bradykinin. The
remaining 32 NS and ll WDR units were sub-
jected to an examination of effects of cortical
stimulation. They were antidromically excited by
electrical stimulation of the somatosensory cor-
tex with a latency 1.20±0.14 ms. By cortical
stimulation, 16 NS and 4 WDR units were
excited, 12 NS and 3 WDR units were inhibited,
and 4 NS and 4 WDR units were first inhibited
and then facilitated. The distribution of cutaneous
receptive field  these units are summarized in
Fig. 1 nd 2, while ocations of these units were
summarized i  Fig. 3. NS units were located in
the middle two thirds of both the dorsaユand the
ventral shell region of the caudal VPL, while
WDR units were located in the middle two thirds
of both the dorsal and the ventral shell region of
the VPL just rostral to the NS zone34
II. Effects of njection of bradykinin into the
me entenc artery
Previously, it was reported that VPL nocice-
ptive neurons receiving cardiac sympathetic affer-
ent inputs regularly exhibited an increased dis-
charge in esponse to intracardiac bradykininl;
In order to confirm that the units subjected to the
present study are also related to visceral nocicep-
tion, 4 NS and 3 WDR units were tested for
sponses to an injection of an algogenic sub-
stance, bradykinin. For injection of bradykinin, a
cannula was inserted into the anterior mesentenc
artery. After the response to the SPL stimulation
was record d, 30^g/kg of bradykinin was inject-
ed in o the mese t ric artery in about Is, and
neuron's resp nse was recorded. An example of
r sponses of WDR units to mesenteric bradykimn
injecti n is illustrated in Fig. 4. The unit was
located in th  dorsal shell region of the VPL, and
had he cen er of cutaneous receptive field in the
back area (Fig. 4A). This neuron responded to
double shock stimulation of the SPL with 0.9-1.5
ms latency (F g. 4B). When bradykinin was inject-
ed into the mese teric artery, it exhibited an
increase in d scharge rate. The latency of the
onset of increased discharge was 40s. The dura-
tion of increased discharge outlasted the record-
ing period of bmin. The discharge rate was 8.4±
0. 7 spike /lOs before the injection. It increased t0
91.8±5 7 spikes/10s (Fig. 4C). The mean latency
of the onset of increased discharge was 30-50s
-33-
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Fig. 1. Distribution of cutaneous receptive fields of NS units. Left, NS units excited
by stimulation of SI somatosensory cortex (CX). Middle, NS units inhibited by
CX stimulation. Right, NS units which showed initial inhibition followed by
facilitation due to CX stimulation.
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Fig 2. Distribution of receptive fields of WDR units. Black area indicates low thresh-
old center and shaded area indicates high threshold surrounding of receptive
field. Left, WDR units excited by SI somatosensory cortex (CX). Middle, WDR
units inhibited by CX stimulation. Right, WDR units which showed initial
inhibition followed by facilitation
(37.9±3.Is, N-7). The mean duration of in-
creased discharge was 2.26±0. 76mm. The mean
discharge rate was 77.2±33.9 spikes/10s prior
to the injection. It increased t0 120.2±39.4
spikes/10s. These results suggest that VPL
nociceptive neurons receiving high threshold SPL
ue to CX stimulation.
afferent input may be involved in transmission of
abdominal visceral ociceptive information.
III. Corticofugal inhibition of nociceptive VPL
units
In 16 NS and 7 WDR units, stimulation of
-34-
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Fig. 3. Locations of nociceptive units receiving greater splanchnic nerve (SPL) input.
Nociceptive specific (NS) units were located in the dorsal and ventral shell
regions of caudal nucleus ventralis posterolateralis (VPL). Wide dynamic
range (WDR) units were located just rostral to the NS zone.
◇:NS unit excited by SI somatosensory cortex (CX). :NS unit inhibited by
CX stimulation. O:NS unit which showed initial inhibition followed by facili-
tation due to CX stimulation. □: WDR unit excited by CX stimulation. ▲:
WDR unit inhibited by CX stimulation. △: WDR unit which showed initial
inhibition followed by facilitation due to CX stimulation. CL: nucleus centralis
lateralis; GL: corpus geniculatum laterale; LP: nucleus lateralis posterior; MD:
nucleus medians dorsalis; Pom: medial region of posterior thalamic nuclear
group; R: nucleus reticularis thalami; VPL: nucleus ventralis posterolateralis;
VPMpc: nucleus ventralis posteromedialis parvocelluralis; ZI: zona incerta.
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Fig. 4. Effects of an arterial injection of bradykinin. A: cutaneous receptive field. In
the black area, the unit had a graded response to brushing, pressure and
noxious pinch. In the cross-hatched area, the unit did not respond to brushing,
but responded differentially to pressure and noxious pinch. In the shaded area,
the unit exclusively responded to noxious pmch. B: a dot raster display of
responses to electrical stimulation of the left splanchnic nerve (SPL). C:
responses of the unit to a bolus dose of 30^ g /kg bradykinin into the mesenter-
ic artery. The upper trace shows a peristimulus time histogram and middle
trace shows spike discharges. The lower trace shows the blood pressure
record.
the SI somatosensory cortex from which anti-
dromic response could be elicited was found to
inhibit the responses of the units to SPL and/or
VLF stimulation at an intensity subthreshold for
the antidromic response.
Results obtained in an NS unit are illustrated
in Fig. 5. The unit was located in the ventral
shell region of the VPL. A conditioning stimula-
tion was delivered to the cortical area (Fig. 5B),
stimulation of which evoked antidromic responses
of the unit, at an intensity just subthreshold for
the antidromic responses. The stimulation consisL
ed of a train of 5 pulses at 400Hz. The duration
of individual pulses was 0. lms. The conditioning
stimulation at a 40-ms conditioning-test interval,
almost completely suppressed the responses of the
unit o test stimuli applied either to the SPL or to
the VLF. Th  time c urses of inhibition are plot-
ted in Fig. 5E. The inhibition lasted about 50ms
in SPL response and outlasted 120 ms in VLF
response.
Inhibitory cortical field was mapped for
another NS unit. Figs. 6 and 7 summarize the
results obtained. The unit followed a lOOHz stim-
ulation (Fig. 6C) delivered to an area in the SI
somatosensory rtex in the sigmoid gyrus (Fig. 6
B). The anti romic nature of the response was
further confirmed by a collision test, in which
-36-
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orthodromic stimuli delivered to the VLF were
followed by antidromic stimuli at various inter-
vals (Fig. 6D). Responses to both VLF and SPL
stimulation were completely inhibited by a train
of conditioning stimuli applied to the same
somatosensory cortex at an intensity just subthre-
shold for antidromic responses (Fig. 6E). A condi-
tioning stimulation at 0.5 times the threshold for
antidromic responses was used for mapping. Inhi-
bition of responses to VLF stimulation at a 30-ms
conditioning-test interval was obtained from 12
spots in the sensorimotor cortex tested. The dis-
tance between each spot was 2mm. The maximum
inhibition was produced by stimulation of the
area from which antidromic responses were elicit-
ed(Fig. 7). Of 16 NSand 7 WDRunitsinwhich
inhibition could be observed, 4 NS and 4 WDR
units showed an initial inhibition followed by
facilitation. Results obtained in an NS unit and in
a WDR unit are illustrated in Fig.8 and in Fig.9,
respectively. The unit illustrated in Fig.9 was
located in the ventral shell region of the VPL, and
had a cutaneous receptive field in the abdomen
(Fig. 9A). Electrical stimulation of the SI
somatosensory cortex (CX), from which anti-
dromic responses could be elicited (Fig. 9B) inhib-
ited the responses of the unit both to SPL and to
VLF stimulation. The maximum inhibitions of
both responses were observed at a 20-ms
conditionmg-test interval. The SPL response and
the VLF response began to recover with pro-
longed latencies at a 30-ms conditioning-test
interval, and at a 50-ms conditioning-test inter-
val, respectively. In about 60ms, both SPL and
VLF responses recovered to the control level.
Subsequently facilitation was observed. The num-
ber of spikes in responses to both SPL and VLF
stimulations with conditioning stimuli increased
to 200-300% of those without conditioning stimu-
lation (Fig. 9C). The time courses of changes in
responses are plotted m Fig. 9D.
The mean time courses of the inhibition ob-
served in 12 NS and 3 WDR units, and of the
inhibition followed by facilitation observed in 4
NS and 4 WDR units are summarized in Fig. 10
A and Fig. 10B, respectively.
IV. Effects of glutamate application to the SI
somatosen ory cort x on unit responses
Nine NS and one WDR units were tested for
effec s of applicati n of glutamate after confirm-
ing an inhibition of responses to SPL and/or VLF
stimulation following cortical stimulation. A
piece of filter paper (5mmX5mm) soaked with
0.05ml of 0.5M monosodium glutamate was
pplied to the SI somatosensory cortex. Fig. ll
shows the profile of responses to VLF stimulation
a  a function of time following applications of
monosodium glutamate. The mean number of
spikes to VLF stimulation gradually reduced
after application. The maximum suppression of
responses was observed at lOmin after the appli-
cation subsequently responses recovered to
the control level. The degree of the maximum
inh bition was 21.2±8.3%. The maximum inhibi・
t on was s atistically significant (P -0.022<0.05,
N-10.
V. Excitation of nociceptive VPL units
Electrical stimula ion of the SI somatosensory
cortex (CX), from which antidromic responses
could be elicited, evoked spike discharges from
16 NS and 4 WDR units at an intensity subthre-
shold fo the antidromic response. The result
obtai ed in an NS unit is illustrated in Fig. 12.
The unit was located in the dorsal shell region of
he VPL, and had a cutaneous receptive field in
the abdomen (Fig. 12A). The unit responded to
single to 5 shock stimulations of the SPL with a
minimum latency of 14.8ms and to single shock
stimulation of the VLF with a minimum latency
of 3.5 ms (F g. 12C). Electrical stimulation of the
SI somatosensory cortex (CX), from which anti・
dromic responses could be elicited (Fig. 12B), at
an intensity lower than the threshold for anti-
dromic responses evoked spike discharges with
-37-
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Fig. 5. Effects of SI somatosensory cortex stimulation on an NS unit. A: receptive
field B: stimulation site in the SI somatosensory cortex (indicated by an
arrow). C: dot raster displays of the unit responses to SPL stimulation both
with and without conditioning stimulation of the SI somatosensory cortex
(CX). Conditioning-test intervals are 20ms (Left) and looms (Right). D: dot
raster displays of the unit responses to VLF stimulation both with and without
conditioning CX stimulation. Conditioning-test intervals are 20ms (Left) and
120ms (Right). E: Time courses of conditioning CX stimulation-produced inhibi-
tion of responses to SPL stimulation and to VLF stimulation.
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Fig. 6. Antidromic responses of an NS unit to stimulation of the SI somatosensory
cortex (CX) A: cutaneous receptive filed. B. stimulation site in CX (indicated
by an arrow). C: responses of the unit to 100 Hz stimulation of the CX shown
in B. D: collision test using the ipsilateral ventrolateral funiculus (VLF) stimu-
lation and CX stimulation as orthodromic and antidromic stimulation, respec-
tively. E: dot raster displays of the unit responses to SPL stimulation (Left) and
to VLF stimulation (Right), both with and without conditioning stimulation.
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Fig. 7. Inhibitory field mapping in the sensorimotor cortex. A: stimulation sites (・,
★). The site in the SI somatosensory cortex producing antidromic responses
is indicated by a star　★). B: degree of inhibition of responses to VLF
stimulation produced by corresponding areas shown in A. The CX stimulations
at the area from which antidromic responses were elicited and at the point just
caudal to it inhibited the responses to VLF stimulation maximally (100%).
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B
Fig. 8. An example of the NS neuron which showed an inhibition followed by facihta-
tion. A: cutaneous receptive field. B: stimulation site in the SI somatosensory
cortex (indicated by an arrow). C: dot raster displays of the unit responses to
SPL stimulation both with and without conditioning stimulation. D: dot raster
displays of the unit responses to VLF stimulation both with and without
conditioning stimulation. E: time courses of inhibition.
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Fig. 9. An example of the WDR neuron which showed an inhibition followed by
facilitation. A: cutaneous receptive field. B: stimulation site in the SI
somatosensory cortex (indicated by arrow). C: dot raster displays of the unit
responses to SPL stimulation and to VLF stimulation both with and without
conditioning stimulation. D: time courses of inhibition.
-42-
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Fig. 10. Mean time courses of conditioning CX stimulation-produced inhibition of
responses to SPL stimulation and to VLF stimulation. A: inhibition by CX
stimulation. B: inhibition followed by facilitation.
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Fig. 1 1. Mean time courses of glutamate-produced inhibition of responses to VLF
stimulation.
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A
Fig. 12. An example of the NS neuron excited by CX stimulation. A: cutaneous
receptive field. B: stimulation site in the SI somatosensory cortex (indicated
by an arrow). C: responses of the unit to VLF stimulation. D: responses of the
unit to SPL stimulation. C: responses of the unit to CX stimulation.
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15.7 ms latency (Fig. 12C). The mean of mini-
mum latencies of the excitations in 20 units was
36.0士8.2ms. The mean number of spikes evoked
by 5 shock stimulation was 2.2±0.3.
Discussion
In humans, higher cortical functions such as
hypnosis and creative imagery have been shown
to effectively reduce pain perception271. It is also
known that there is a significant positive correla・
tion between pam level and anxiety in patients
with chronic pain24'. Thus, the cerebral cortex
may play a role in pain modulation. Clinically, a
relief of pain has been demonstrated by stimulat-
ing the internaユcapsule8'10'. In these cases the
relief of pam could be due to the activation of
inhibitory pathways arising from the somatosen-
sory cortex or of the recurrent inhibitory mecha-
nism. In monkeys, stimulation of the sensorimotor
cortex has been shown either to excite or to
inhibit spinal cord neurons which may be involved
in processing noxious stimuli39'. The present study
further explored the role of the sensorimotor
cortex in the modulation of responses both to
visceral afferent and to spinothalamic input recor-
ded in the nociceptive VPL neurons of the
thalamus.
In the present experiments, electrical stimula-
tion of the SI somatosensory cortex which
receives nociceptive input relayed through the
VPL, inhibited responses of both NS and WDR
neurons m the VPL to electrical stimulation not
only of the SPL but also of the VLF. The VLF
stimulation activates spinothalmic tract fibers
arising from the spmal cord to terminate in the
thalamus. Hence the present data suggest that in
addition to the corticospmal inhibitory pathway,
there may be a corticothalamic pain modulation
pathway from the SI somatosensory cortex to the
VPL to inhibit pam messages from being further
transmitted. This hypothesis is supported by the
anatomical evidence that the SI somatosensory
cortex has reciprocal connection with the
VPL23,26,39) jn both NS and WDR neurons> hQw-
ever, an antidromic spike was recorded following
electrical stimulation of the SI somatosensory
cortex. These antidromic spikes were probably
initiated by stimulating axons of nociceptive VPL
neurons which project to the SI somatosensory
cortex. There are at least two explanations for
how both antidromic spikes and inhibition may be
generated in the same neuron: (1) the electrical
stimula on in the cerebral cortex excited
thalamocortic l axons of VPL nociceptive neur-
ons to produce the antidromic spikes and also
exc ted cort  cell bodies which had inhibitory
effec s on the VPL nociceptive neurons; or (2)
thalamocortical axons were antidromically
stimulated and their axon collaterals activated
inhibitory neurons projecting to the cell bodies of
nocicept ve VPL neurons to suppress their
respons s to sp n halamic input. In the present
experiments, it was f und that for a g王ven neuron,
t e lowest threshold inhibitory point coincided
with the point from which antidromic excitation
could be elicited. It is also known that
thalam cortical axons of low threshold me-
chanoreceptive (LTM) neurons in the VPL exerts
recurrent inhibitory action not only on the LTM
neurons themselves but also on nearby
n urons2'301. Hence, the recurrent inhibition may
be initiated either by thalamocortical axons of
nociceptive VPL neurons or by thalamocortical
axons of LTM neurons, or by both.
E ec rical stimulation mdiscnminatively
excites all neural elements, including fibers which
then transmi action potentials both ortho-and
antidro c lly. Thus no firm conclusion can be
dr wn as to he origi  of the inhibitory effect on
the VPL. In contr st, the excitatory amino acid
glutamate excites selectively the cell bodies and
dendrites12'. In the present study, an application of
gluta at  to the SI somatosensory cortex also
resulted in a suppression of responses of nocice-
-45-
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ptive VPL neurons to VLF stimulation. This
result indicates that excitation of glutamate
receptor-linked system in the SI somatosensory
cortex exerts an inhibitory effect on thalamic
processing by activation of a corticothalamic
system. However, this does not rule out the possi-
bility that a recurrent inhibitory mechanism is
additionally included in the inhibitory effects of
cortical stimulation reported in the present paper.
Nevertheless, the present study has shown that in
the VPL, there is a corticothalamic modulation of
thalamic nociception originating from the SI
somatosensory cortex.
All 4 areas of the SI somatosensory cortex, i.
eリ　areas 3a, 3b, 1 and 2 send thin corticoth-
alamic fibers from layer VI neurons to terminate
in the ventrobasal (VB) complex consisting of the
nucleus ventralis posteromedialis prorius (VPM
proper) and VPL18'19'29'. It is probable that many
of these layer VI neurons receive monosynaptic
thalamocortical synapses3'). En route, the cor-
ticothalamic fibers give off collaterals in part of
the nucleus reticularis thalami16'. Probably in
every neurons in this nucleus, markers for GABA
synthesis are present 15). There is sufficient work
on the nucleus reticulans thalami that it provides
a recurrent inhibition upon thalamocortical relay
neurons in their related dorsal thalamic nucleil
Hence, it appears likely that the corticofugal
inhibition observed in the present experiments is
mediated by this nucleus.
Within the thalamic nuclei of monkey and
cat, the thalamocortical relay neurons constitutes
approximately 75-90% of the total complement
of neurons, and the interneuron (local circuit
neuron) represents approximately 10-25% of the
total neuronal population28'. It is thus possible
that the corticofugal inhibition as observed in the
present experiments is to some extent mediated
by some of these interneurons.
It has been reported that neurons in the VB
complex which receive input from medial lemnis-
cus are excited by stimulation of restricted areas
of he pos cruciate gyrus of the cat '. When these
and adjacent areas of postcruciate cortex were
weakly timulated prior to the medial lemmscal
test shock, the VB units were commonly inhibited.
Thus excitatory cortical field was surrounded by
inhibitory cortical field. These investigators con-
eluded that some axon collaterals of pyramidal
tract fibers project to the VB complex and pro-
duce excitation of small groups of VB neurons,
which in turn results in inhibition of surrounding
VB neurons. These cortical influences may func-
tion to sharpen incoming general sensory
impulses. The neurons studied by this group were
primarily nonnoc ceptive neurons, because they
received input from the medial lemniscus. In the
pr sent experi e ts, extralemmscal nociceptive
n urons n the VPL were studied, and excitation
of  significant proportion of both NS and WDR
neurons was observed following stimulation of
the SI somatose sory cortex. It is possible that
the excitatory effects reflect corticofugal excita・
tion of spinothalamic neurons in the spinal dorsal
horn39 , but we can not rule out possible su-
praspinal excitatory mechanism. Since both ex-
citation and nhibition could be obtained from the
somatosensory c rtex, there may exist separate
cortic fugal feedback loops responsible for adjus-
ting the amplification and filtering ascending
nociceptive inf rmation.
R cent ositron emission tomographic (PET)
analyses of cerebral blood flow during noxious
stimulati  in humans have established that the
contralateral SI somatosensory cortex is activaL
ed al ng with th  cingulate cortex, SII somatosen-
so y cortex and insula6'31'. Any damage along the
course of the spmothalamocortical pathway lead-
ing to the SI somatosensory cortex, i.e., in the
lateral syst m of ascending pain pathways, can
produce a central neurogenic pain 5'37). The arche-
type of central neurogenic pain is thalamic pain
which i par  of the thalamic syndrome. The VPL
studied m the present experiments is included in
this pathway. Interference with the balance
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between inhibitory and excitatory feedback from
somatosensory cortex may be involved in the
manifestation of central pain7'.
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く和文抄録)
ネコ視床後外側腹側核侵害受容ニューロンに
及ぼす大脳皮質体性感覚運動野刺激の効果
木築野百合,松下美季子,小山なつ*
滋賀医科大学外科学第一講座,生理学第一講座*
内臓痛伝達の中枢性制御における大脳皮質の役割を明らかにするため、ウレタン・タロラローズで麻酔した
ネコを用いて、視床後外側腹側核(VPL)被殻領域侵害受容ニューロンの活動に及ぼす大脳皮質体性感覚運動
野電気刺激の効果を調べた。大内臓神経(SPL)からの入力を受ける36個の特異的侵害受容(NS)ニューロン
と14個の広作動域(WDR)ニューロンを研究の対象とした。発痛物質ブラジキニンを腸間膜動脈内に注入する
と4個のNSニューロンと3個のWDRニューロンがスパイク発射の増加を示したので、研究の対象としたニ
ューロンは内臓痛の伝達に関与することが示唆されたo残りのニューロンについて大脳皮質刺激の影響を調べ
た。これらのニューロンは一次体性感覚野(SI)を電気刺激すると逆方向性に応答したので、視床皮質投射の
ニューロンであった。 NSニューロン16個とWDRニューロン4個が、逆方向性応答が得られたSIの電気刺激
に反応して興奮した。残りのNSニューロン16個とWDRニューロン7個ではSPLおよび脊髄視床路(VLF)
刺激に対する反応が抑制された。興奮および抑制を惹き起こす刺激の開催は逆方向性応答の開催よりも低かっ
た。興奮および抑制反応はまわりの体性感覚運動野からも得られたが、抑制反応の閥値が最も低い刺激部位は
逆方向性応答が得られる部位と一致していた。体性感覚野をグ)I/タミン酸で化学刺激しても、NSニューロンと
WDRニューロンのSPLおよびVLF刺激に対する反応が抑制された。これらの結果は、 VPLから大脳皮質体
性感覚野に投射する線経の側杖による反回抑制ばかりでなく、体性感覚野からの出力がVPLにおける侵害受
容情報の伝達を修飾する機序も存在することを示唆した。
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